ge-related blood pressure elevation in humans and animals have been extensively studied. [1] [2] [3] Agerelated change of vascular wall thickness has also been demonstrated in human subjects and animals. [4] [5] [6] [7] Pathological changes of vascular walls related to hypertension have been demonstrated in human advance hypertension studies and also in animal hypertension studies. [8] [9] [10] A change in the thickness of the vascular wall in the tunica intima and tunica media was observed in chronic hypertensive patients and animals. 11,12 Therefore, the thickness of vascular walls may be a factor in pathophysiological changes in blood pressure. The vascular smooth muscle cells (SMC) of the arterial media play a dominant role in the function and structural alteration of the arterial wall in pathphysiological processes. 5 Various growth factors released from vascular endothelial cells, such as endothelin, angiotension II or platelet-derived growth factors, are involved in SMC proliferation. 13, 14 Specifically, the endothelin-1 (ET-1) levels in plasma increase with age, as demonstrated in human subjects and animals. [15] [16] [17] These results indicate that the ET-1 levels in plasma may be an important factor in age-related blood pressure elevation and vascular wall thickness.
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ET-1 is a potent vasoconstrictor peptide originally isolated and sequenced from the culture supernatant of porcine aortic endothelial cells. 18 Intravenous infusion of ET-1 causes a long-lasting increase in blood pressure. 18 These biological actions appear to be mediated by the direct effect of ET-1 on specific membrane-located receptors on the SMC. 19 In addition to smooth muscle contraction, ET-1 elicits several other biological effects, including the release of secondary mediators 20 and the stimulation of SMC proliferation. 21 Vascular SMC proliferation induced by ET-1 may be one important factor in the pathogenesis of hypertension. 22 An increase in ET-1 binding sites has been demonstrated in membrane fractions of aortas of spontaneously hypertensive rats (SHR). 23 Using cultured aortic SMC from rats, we recently demonstrated that the density of ET-1 binding sites was greater in SHR than in Wistar-Kyoto (WKY) rats. 24 In addition, we found that the density of ET-1 binding sites in aortic SMC from 24-week-old SHR and WKY rats was greater than those from 4-week-old SHR and WKY rats, respectively, 24 which implies that the density of ET-1 binding sites is age-related. As yet, little attention has been paid to the relationship between age, ET-1 binding site density in vascular SMC, and blood pressure. To further clarify this phenomenon, our present study used aortic SMC harvested from crude membrane fractions from the 3 different rat strains at the ages of 4, 8, 12, 16 and 24 weeks. These membrane fractions were studied to determine the effects of age on ET-1 receptor density. The rats were also used to study age-related changes in systolic blood pressure (SBP).
(8 and 12 weeks), and an established hypertensive stage (16 and 24 weeks). The SHR strain was originally derived from WKY rats; 25 therefore, the SD rats were used in this study to represent another strain of rats. Before the animals were killed, SBP was measured by tail-cuff sphygmomanometer under unanesthetized conditions.
Preparation of Aortic Smooth Muscle Microsomal Fraction
The rats were anesthetized with pentobarbital (50 mg/kg ip) and the descending thoracic aortas were immediately excised and placed in freshly prepared ice-cold 0.25 mol/L sucrose solution containing 10 mmol/L morpholinopropane sulfonic acid (MOPS) and 0.05% bovine serum albumin (BSA), at pH 7.5. After carefully removing the adventitia and intima from the thoracic aortas, the media layers of 20 aortas from each group of animals were minced and then homogenized with an ice-cold buffer containing 10 mmol/L MOPS (pH 7.2), 0.25 mol/L sucrose, 0.1% BSA, and 0.1 mmol/L phenylmethanesulfonyl fluoride (PMSF). The membrane fraction was prepared by differential centrifugation, as described by Kwan et al. 26 The protein content of the fraction was determined by Bradford's method 27 using bovine albumin as standards.
ET-1 Binding Assay
Prior to the start of the ET-1 binding experiments, suitable protein concentrations of the prepared aortic SMC membrane fraction were examined. Preliminary data showed that in each age group the density of the specific [ 125 I]ET-1 binding sites increased linearly with membrane protein concentration over a range of 1-40 g/ml. Therefore, the following experiments were performed using a protein concentration range of 1-40 g/ml, in a final reaction volume of 0.25 ml.
The prepared SMC fraction of each experimental sample (0.25 g) was incubated in an incubation medium containing 10 mmol/L MOPS (pH 7.2), 0.25 mol/L sucrose, 10 mmol/L MgCl2, 0.1% BSA, 0.1 mmol/L PMSF, and varying concentrations of [ 125 I]ET-1 (ranging from 0.01 to 0.2 nmol/L, Amersham, Buckinghamshire, UK). All assays were performed in triplicate. The reaction mixtures were incubated in siliconized glass tubes at 37°C for 1 h and then filtered through Whatman GF/F filters. The filter papers were washed 3 times with 15 ml of ice-cold 50 mmol/L Tris-HCl buffer (pH 7.4) containing 0.5% polyethylene glycol and assayed for radioactivity in a gamma-ray counter. Non-specific binding was determined in the presence of 1 mol/L unlabeled ET-1. Specific binding was calculated by subtracting nonspecific binding from total binding. The dissociation constant (Kd, nmol/L) and maximum binding value (Bmax) of [ 125 I]ET-1 binding were determined using Scatchard analysis. 28 
Statistical Analysis
All data was expressed as mean ± SE. The SBP, Kd of ET-1 binding affinity, and Bmax of ET-1 binding sites were subjected to analysis of variance (ANOVA) for analysis among the 3 different rat strains at each corresponding age. Tukey's honestly significant difference test was used for subseqent multiple comparisons. The limited significance was p<0.05. Linear correlation and regression analyses were used for analysis of differences across age vs SBP, age vs ET-1 binding sites and SBP vs ET-1 binding sites in the 3 different rat strains respectively. The limited correlation coefficient significance was p<0.05.
Results

Age vs Systolic Blood Pressure
The mean SBP at various ages among the different rat strains is given in Table 1 . At 4 weeks of age, SBP was slightly higher in SHR. The SBP increased rapidly and later the rats developed hypertension. There was an increase in the mean SBP of SHR, WKY and SD rats from 4 to 24 weeks old. The SBP at each corresponding age was significantly higher in SHR than in WKY and SD rats; however, there was no significant difference between WKY and SD rats. The age-related increases in SBP were analyzed by correlation and regression coefficient. The results showed that there was a relatively high degree of positive correlation between age and SBP in all 3 rat strains (Fig 1, r in SHR=0.98, WKY=0 .96, and SD=0.96). The result of the homogeneity of regression coefficients test was significant (Fig 1, slope in SHR=5.03, WKY=2.34, and  SD=2.36) . In other words the 3 slopes were not parallel.
Age vs Bmax of ET-1 Binding Sites
[ 125 I]ET-1 binding to aortic SMC from the 5 different age groups of SHR, WKY and SD rats all reached saturation in 60 min, and neither age nor species had any effect on the Kd value of the binding site (Table 2) . For each age, the density of [ 125 I]ET-1 binding sites in SHR was significantly higher than in WKY and SD rats at each corresponding age, but there was no significant difference between WKY and SD rats (Table 3 ). An age-dependent increase in specific binding site density in each experimental group was analyzed by correlation and regression coefficient. The results showed that there was a relatively high degree of positive correlation between age and Bmax of ET-1 binding sites in all 3 rat strains (Fig 2, r in SHR=0 .94, WKY=0.85, and SD=0.92). The result of the homogeneity of regression coefficients test was significant (Fig 2, slope  in SHR=0.22, WKY=0 .08, and SD=0.01). In other words, the 3 slopes were not parallel.
Bmax of ET-1 Binding Sites vs SBP
The Bmax of ET-1 binding sites and SBP in the 3 different strains at their corresponding ages were analyzed by correlation and regression coefficient analyses (Fig 3) . The results showed that there was a relatively high degree of positive correlation between Bmax and ET-1 binding sites in all 3 rat strains (r in SHR=0.96, WKY=0.91, and SD= 0.96). The result of the homogeneity of regression coefficients test was not significant (Fig 1, slope in SHR=20 .98, WKY=24.98, and SD=21.22). In other words, the 3 slopes were parallel.
Discussion
Two major subtypes of mammalian endothelin receptors have been cloned, the ETA and the ETB receptors. 29, 30 The heterogeneous distribution of ETA and ETB subtypes has been characterized in the brain, liver, lung, [31] [32] [33] [34] and in certain vascular smooth muscle preparations in various species. 33, 35, 36 It has also been proposed that ET-1-evoked responses in rat aortic smooth muscle cells are mediated solely by ETA receptors. 31, 32 On the basis of functional studies, ETB receptors have been shown to exist on rat aortic SMC. 37 However, ET-1 activates the mitogen-activated protein kinase (MAPK) cascade through either ETA or ETB and both receptors can stimulate CHO cell proliferation. 38 It has been shown that not only the ETA receptor but also the ETB receptor mediate contractions in rats. 39, 40 The aim of the present study was to investigate the relationship between age and ET-1 receptors in vascular smooth muscle proliferation in relation to the thickness of the vascular wall and blood pressure. Therefore, the total ET-1 binding sites were measured in this study without further analysis of the different distribution of ETA or ETB on age-related characteristics.
Our results are the first to demonstrate that age-related SBP elevation is correlated to the Bmax of ET-1 binding site increase in aortic SMC in 3 different strain of rats. Several studies have reported age-associated changes in both SBP and diastolic blood pressure in human subjects and animals. 1 Receptor binding studies in microsomal preparations of the aorta with [ 125 I]ET-1 showed the Bmax for ET-1 receptors in 12-week-old SHR was 1.5-fold greater than those in WKY rats and that there was no significant difference in the Kd value. 41 We previously demonstrated that the density of ET-1 binding sites in cultured SMC from 24-week-old SHR was 2.5 times higher than in SMC from age-matched WKY rats and 1.5 times higher than in SMC from 4-week-old SHR. 24 It was uncertain, however, whether the density of ET-1 binding sites on aortic SMC varies with age. The present study demonstrated that the density of ET-1 binding sites on aortic SMC is significantly higher in SHR than in age-matched WKY and SD rats, and the density did not significantly differ between WKY and SD rats at any corresponding age. As regards the regression line in the Bmax of endothelin binding site against blood pressure,the 3 different rat strains presented a similar slope (Fig 3) , which seems to indicate that blood pressure was strongly correlated to the endothelin binding site on vascular SMC. Whether this phenomenon applies to other species needs further investigation.
Furthermore, Bots et al. indicated that intima-media vessel wall thickness is probably involved in isolated systolic hypertension, 42 and, in addition, an increase in the thickness of the arterial wall with increased blood pressure and age was observed in SHR. 4 These studies indicate that age-associated changes in blood pressure could be attributed to an increase in vessel wall thickness. Because ET-1 is a SMC mitogen, it plays a role in hypertension, characterized by medial SMC accumulation. 22 In the present study we demonstrated that the density of the ET-1 binding sites increased with age. Possible relationships between age, ET-1 binding sites, vessel wall and blood pressure can be anticipated.
The processes involved in regulating the density of surface receptors generally include synthesis, internalization, 43 externalization, 44 recycling, 45 and degrading. 46 Accordingly, steady changes in receptor density can involve one or more of these processes. How the age-related ET-1 binding sites density changes on vascular SMC of the rat is still not clear. However, our results may provide a potential model for studying the aging process.
In conclusion, our results show that the density of ET-1 binding sites in SHR and WKY rats aortic SMC membranes increases with age. Such an effect occurs without any change in affinity. The factors responsible for this agerelated change in ET-1 binding site density and its physiologic significance are not known.
